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©  Plant  tissue  transformation. 

©  The  invention  provides  a  method  for  transforming  plant  material  comprising  contacting  the  material 
with  a  transformation  solution  comprising  DNA  and  a  membrane-permeating  agent  in  the  presence  of 

t-  an  electric  current  for  a  sufficient  time  to  effect  transformation  and  thus  obtained  plant  material  and 
<  ̂ fertile  plants.  The  invention  also  provides  novel  transformed  plant  material,  in  particular  corn. 
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The  present  invention  relates  to  a  process  for  introducing  DNA  into  monocotylodenous  (monocot)  and  di- 
cotyledonous  (dicot)  plant  cells  utilising  a  DNA  transporting  electric  current.  The  process  provides  forthe  direct 
transfer  of  plasmid  DNA  into  intact  monocotyledonous  and  dicotyledonous  tissue. 

5  BACKGROUND  OF  THE  INVENTION 

The  genetic  transformation  of  plants  has  been  approached  thus  far  in  two  different  ways.  Both  of  these, 
however,  have  limitations  when  applied  to  monocotyledonous  plants,  and  more  particularly  to  commercially 
valuable  crops,  such  as  the  cereals. 

10  The  first  of  these  methods  relies  upon  the  ability  of  a  region  of  the  tumour-inducing  (Ti)  plasmid  of  the 
soil  microbes  of  the  Agrobacterium  genus  to  fuse  with  a  host  cell  genome  upon  infection  of  a  host  with  the 
bacterium.  Genetic  manipulation  of  the  plasmid  thus  allows  introduction  of  foreign  DNA  into  a  host  cell.  How- 
ever,  since  monocotyledonous  plants  are  generally  not  susceptible  to  this  micro-organism,  the  method  has 
been  limited  to  the  transformation  of  dicotyledonous  plants.  Though  the  genetic  transformation  of  Asparagus 

15  using  this  method  has  been  disclosed  [WO  86/03776]  and  Grimsley  etal,  Nature  325  (1987)  177,  have  reported 
the  transfer  of  DNA  into  cereals  via  Agrobacterium,  it  has  not  yet  been  demonstrated  that  actual  transformation 
ie  uptake  and  integration  of  the  exogenous  DNA  with  the  host  cell  genome  or  expression  of  the  desired  new 
traits,  may  occur. 

The  second  method  involves  the  direct  uptake  of  nucleic  acids  by  plant  protoplasts.  Such  uptake  may  be 
20  achieved  either  chemically,  ie  polyethyleneglycol  stimulated  uptake  as  described  by  Paszkowski  et  al,  Meth 

Enzym  118  (1  986)  668,  or  by  the  use  of  high  voltage  electrical  pulses  of  microsecond  duration.  This  latter  tech- 
nique  has  been  described  either  as  electroporation  or  electroinjection,  and  is  believed  to  work  by  punching 
transient  fissures  in  the  plant  cell  membrane  through  which  externally  provided  nucleic  acids  may  readily  pass. 
See,  eg,  Fromm  etal,  PNAS  82  (1985)  5824,  Fromm  etal,  Nature  319(1986)  791  and  WO  87/06614.  However, 

25  the  success  of  this  method  depends  upon  the  ability  of  a  mature  fertile  plant  to  be  regenerated  from  a  proto- 
plast,  a  feature  which  in  the  case  of  cereals,  has  been  demonstrated  only  in  rice.  Attempts  have  been  made 
to  regenerate  maize  protoplasts  into  fertile  plants,  eg  Graves  et  al,  Theor  Appl  Genet  54  (1  979)  209,  but  these 
have  as  yet  proved  unsuccessful. 

Investigations  have  also  been  performed,  utilising  the  electroporation  method,  to  transfer  naked  RNA  into 
30  cells  of  dicotyledonous  plants.  Morikawa  et  al,  Gene  41  (1986)  121,  have  demonstrated  that  RNA  from  the  To- 

bacco  Mosaic  Virus  (TMV)  may  be  taken  up  by  whole  mesophyll  cells  of  the  dicotyledonous  plant  Nicotiana. 
This  method,  however,  performed  on  individual  cells,  is  stated  to  have  produced  cells  with  a  low  survival  rate 
and  it  is  not  clearly  demonstrated  that  the  host  cells  were  transformed  rather  than  infected.  Further,  even  if 
successful  electroporation  of  individual  monocotyledonous  cells  were  to  be  accomplished  in  the  future,  there 

35  would  still  remain  the  problem  of  regenerating  whole  plants,  and  in  particularfertile  maize  plants,  from  individual 
cells. 

DEFINITIONS 

40  In  describing  the  present  invention,  the  terminology  is  intended  to  be  used  in  accordance  with  its  current 
accepted  meaning  in  the  art.  To  the  extent  that  accepted  meanings  do  not  exist  or  are  ambiguous,  the  following 
definitions  are  to  control: 

"electrotransformation"  is  the  utilisation  of  a  long-term,  continuous  direct  electric  current  to  induce  the 
uptake  of  DNA  into  a  host  or  recipient  cell  and  the  subsequent  integration  of  the  said  genetic  material  into  the 

45  host  cell  genome; 
"plant  tissue"  is  a  population  of  cells; 
"embryo"  is  the  stage  in  development  in  which  specific  organs  or  organ  systems  such  as  roots  and 

shoots,  are  not  visibly  differentiated,  but  cell  compartments  which  will  give  rise  to  organs  are  present; 
"callus"  is  the  cluster  of  plant  cells  resulting  from  the  tissue  culturing  of  a  single  plant  cell  or  tissue; 

so  "CM(30)"  is  an  artificial  corn  medium,  the  composition  of  which  is  illustrated  in  Table  A; 
"MTM"  is  an  artificial  liquid  medium  useful  forthe  culturing  of  maize  tassels,  the  composition  of  which 

is  described  by  Pareddy,  Greyson  and  Walden;  Planta  170  (1987)  141; 
"BSS"  is  an  artificial  liquid  medium  for  Brassica  stem  strips,  the  composition  of  which  is  illustrated  in 

Table  B. 
55  "TMM"  is  an  artificial  medium  forthe  culturing  of  tomato  embryos  the  composition  of  which  is  illustrated 

in  Table  B. 
a  "protoplast"  is  a  plant  cell  from  which  the  cell  wall  has  been  removed,  usually  by  enzyme  digestion, 

but  which  is  bounded  by  a  cell  membrane; 
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"meristem"  or  "meristematic  tissue"  is  comprised  of  cells  which  are  fully  capable  of  further  division,  giving 
rise  in  turn  to  embryonic,  primary  or  secondary  tissue; 

"genome"  as  used  herein  refers  to  all  of  the  genetic  material  found  in  a  cell,  both  chromosomal  and  extra- 
5  chromosomal; 

a  cell  "transformed"  by  DNA  is  a  cell  which  contains  said  DNA  or  a  descendant  thereof  through  mitosis 
or  meiosis,  which  still  retains  said  DNA  sequence  in  its  genome. 

"membrane-permeating"  agents  are  agents  known  as  such  for  mammalian  cells; 
The  present  invention  relates  to  a  method  for  transforming  plant  cell  material  comprising  contacting  the 

10  cell  material  with  a  transformation  solution  comprising  DNAand  a  cell  membrane-permeating  agent  in  the  pres- 
ence  of  an  electrical  current  for  a  time  sufficient  to  effect  transformation. 

The  method  of  this  invention  has  numerous  advantages.  It  allows  the  penetration  of  numerous  layers  of 
cells  such  that  whole  tissues  rather  than  single  cells  may  be  used.  The  cells  are  not  injured;  they  maintain 
theirviability  and  can  be  used  forthe  production  of  mature,  fertile  plants.  The  method  also  allows  forthe  trans- 

15  formation  of  plants  which  had  previously  not  been  successfully  transformed.  The  invention  also  relates  to  a 
method  for  producing  a  transformed  fertile  plant  comprising  contacting  plant  cells  with  a  transformation  solution 
comprising  DNA  and  a  cell  membrane-permeating  agent  in  the  presence  of  an  electric  current  for  a  time  suf- 
ficient  to  effect  transformation  and  culturing  the  thus  transformed  plant  cells  under  culture  conditions. 

In  order  to  distinguish  the  transformation  process  of  the  invention  from  so-called  electroporation  or  elec- 
20  troinjection  techniques,  in  which  short  pulses  (in  general  of  the  order  of  some  usee  to  circa  400msec)  of  electric 

current  are  employed,  this  transformation  process  is  defined  as  electrotransformation. 
Hence,  the  present  invention  utilises  a  more  constantly,  longer  applied  electromotive  force  (tension)  which 

effects  a  carrying  or  transporting  of  the  DNA  to  and  through  the  cell  membrane,  the  permeability  of  which  is 
sufficiently  enhanced  by  the  membrane-permeating  agent. 

25  For  the  electrotransformation  of  the  invention,  any  non-protoplastic  plant  material  may  be  utilised.  Thus, 
for  example,  the  present  invention  envisages  the  transformation  of  plant  tissue,  plant  embryo,  meristematic 
tissue  such  as  tassel  or  ear  meristem,  axillary  buds,  stem  strips,  callus  or  cell  suspensions.  When  using  corn 
embryonic  tissue,  it  is  preferred  that  the  embryos  have  reached  stage  3  of  development  as  defined  by  Abbe 
and  Stein  in  Am  J  Botany  41  (1954)  286-287,  ie  at  a  stage  between  22  and  28  days  after  pollination.  A  corn 

30  embryo  at  stage  3  is  typically  about  3mm  long  and  the  scutellar  node  tissue  is  externally  recognisable  by  the 
two  constrictions  which  set  it  off.  Within  the  coleorhiza,  the  primary  root  has  become  recognisable  and  within 
the  coleoptile  the  first  and  second  leaves  have  increased  considerably  in  size.  This  stage  is  characterised  by 
the  third  leaf  primordium  which  has  recently  arisen.  The  plant  material  employed  is  conveniently  in  excised 
form. 

35  The  process  of  the  invention  is  conveniently  carried  out  in  a  horizontal  gel  electrophoresis  system,  eg  an 
agarose  gel  electrophoresis  system,  into  which  the  plant  material  to  be  transformed  and  the  DNA  are  placed 
in  wells  such  that  the  electric  current  will  run  from  the  DNA  to  the  plant  material. 

When  using  embryonic  tissue,  it  is  preferred  that  the  embryo  is  positioned  in  the  well  such  that  the  side 
containing  the  meristematic  tissue  is  facing  the  wells  containing  the  transformation  solution.  A  solution  con- 

40  taining  the  DNA,  (which  may,  to  facilitate  selection  ata  later  stage,  contain,  for  example,  a  DNA  sequence  cod- 
ing  for  resistance  to  a  specific  antibiotic)  and  a  membrane-permeating  agent  are  then  placed  in  wells  adjacent 
to  those  containing  the  plant  cell  material.  Preferred  membrane-permeating  agents  are  polar,  such  that  they 
are  carried,  in  association  with  the  DNA,  to  and  through  the  cell  membrane  when  the  tension  is  applied.  Suit- 
able  examples  of  membrane-permeating  agents  include  DMSO,  lysolecithin  and  detergents  such  as  sodium 

45  dodecyl  sulphate  and  Triton-X,  preferably  DMSO.  The  concentrations  of  such  a  membrane-permeating  agent 
used  should  be  sufficient  to  render  the  cell  membrane  temporarily  permeable  but  without  destroying  the  in- 
tegrity  of  the  intracellular  organelle  membranes.  Such  concentrations  may  vary  within  wide  ranges  and  will 
i.a.  depend  on  the  plant  material  involved.  Tougher  plant  cell  material,  such  as  dicotyledonous  cell  material 
may  stand,  for  example,  a  concentration  of  10%  DMSO.  In  general,  good  results  will  be  obtained  with  a  con- 

50  centration  of  membrane-permeating  agent  of  from  about  1  %  to  about  4%,  preferably  about  2%,  by  weight  of 
the  transformation  solution.  A  tracking  dye  may  optionally  be  included  in  the  transformation  solution  to  enable 
the  progress  of  the  vectors  to  be  monitored.  Examples  of  suitable  tracking  dyes  would  be  bromophenol  blue, 
bromocresol  green  or  xylene  cyanol.  Such  dyes  and  their  use  for  such  a  purpose  are  well  known  in  the  art.  A 
low  voltage  electric  current  is  applied  such  that  it  runs  in  a  direction  from  the  vector-containing  wells  towards 

55  the  wells  containing  the  plant  material.  Thereafter,  the  tissues  are  washed  with  sterile  liquid  and  placed  on 
solid  medium  in  order  forthem  to  recover  from  any  trauma  associated  with  the  electro-transformation  process. 
The  period  of  time  spent  on  the  solid  medium  is  dependent  on  the  age  and  size  of  the  tissues  treated  and  youn- 
ger  and/or  smaller  tissues  may  require  a  longer  recovery  period  prior  to  the  selection  process.  The  tissues  are 
normally  kept  on  the  medium  for  2-3  days,  after  which  the  successfully  transformed  tissues  are  selected,  which 
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process  may,  if  the  transformation  vector  contained  a  DNA  sequence  coding  for  resistance  to  a  specific  anti- 
biotic,  be  by  exposure  of  the  tissues  to  this  specific  antibiotic.  Those  tissues  which  germinate  (develop  roots 
and  shoots  in  the  case  of  embryos)  or  grow  and  develop  chlorophyll  on  the  selection  medium  have  acquired  r 

5  esistance  to  the  antibiotic  by  uptake  and  incorporation  of  the  transforming  DNA. 
The  voltage  (tension)  applied  should  be  sufficient  to  assist  in  the  transportation  of  the  DNAand  not  exceed 

a  tension  which  would  substantially  damage  the  cells.  The  tension  to  be  employed  may  vary  within  wide  ranges 
and  will  depend  on  various  factors  such  as  the  type  and  form  of  the  plant  material  employed  and  the  time  during 
which  the  tension  is  applied.  Thus  50%  of  corn  embryos  will  survive  when  put  under  a  tension  of  200V  for  5 

10  minutes  in  a  gel  electrophoresis  system  as  disclosed  in  Example  1  .  (Corn  is  about  the  toughest  monocot,  and 
dicots  survive,  in  general,  better  than  monocots.)  Voltages  up  to  110V  may  be  used  without  seriously  damaging 
the  embryo,  although  germination  may  be  delayed.  Voltages  above  200V  should  in  general  be  avoided.  On 
the  other  hand,  transformation  may  still  be  obtained  with  a  tension  as  low  as  8V.  In  general,  satisfactory  results 
will  be  obtained  when  applying  an  electric  tension  from  40V  to  140V,  eg  from  50V  to  140V,  preferably  from  about 

15  50V  to  1  1  0V  and  most  preferably  from  52V  to  80V.  In  the  gel  electrophoresis  system  employed  in  the  examples 
the  electrodes  are  18cm  apart.  Thus  the  application  of  a  tension  of  eg  50V  in  such  a  system  will  result  in  an 
electric  field  strength  of  50V/18cm  or  2.78V/cm.  This  gives  an  idea  of  the  order  of  magnitude  of  electric  field 
strength  applied.  The  electric  current  strength  produced  in  such  systems  will  depend  i.a.  on  the  transformation 
solution  (gel  etc)  and  the  voltages  applied.  In  the  electrophoresis  system  employed  in  Example  1,  at  the  voltage 

20  of  52V  an  electric  current  of  circa  25mA  is  produced. 
The  period  of  time  of  exposure  to  the  electric  current  is  dependent  on  various  factors  such  as  the  distance 

between  the  wells  containing  the  tissue  and  the  wells  containing  the  transforming  solution  and  also  on  the 
size  of  the  tissue  sample.  Thus  the  minimum  period  of  time  is  that  necessary  for  the  DNA  in  the  transforming 
solution  to  flow,  under  the  influence  of  the  electric  field,  into  the  area  of  the  gel  containing  the  plant  material 

25  samples.  For  example,  if  the  distance  between  the  two  sets  of  wells  is  1  mm  at  initiation  of  the  current,  at  a 
voltage  of  52V  it  will  take  about  13  to  15  minutes  for  the  transforming  solution  to  move  past  a  corn  embryo 
and  it  will  take  about  20  minutes  for  the  solution  to  move  past  a  larger  tissue  such  as  a  tassel  initial.  In  general 
transformation  will  be  obtained  in  good  yields  after  exposure  to  the  electric  tension  for  5  to  25  minutes,  in  par- 
ticular  for  10  to  20  minutes. 

30  The  distance  between  the  sets  of  wells,  ie  those  containing  the  tissue  sample  and  those  containing  the 
transforming  solution,  is  dependent  on  the  strength  of  the  transforming  solution  and  the  concentration  of  the 
support  gel  such  that  the  distance  is  preferably  higher  when  the  gel  is  more  dilute. 

The  DNA  to  be  employed  is  conveniently  in  vector  form,  preferably  in  plasmid  form,  which  plasmid  is  ge- 
netically  manipulated  using  standard  recombinant  DNA  techniques  well  known  to  those  skilled  in  the  art,  so 

35  as  to  contain  DNA  with  which  it  is  desired  to  transform  the  plant  tissue. 
DNA  suitable  for  use  in  this  invention  would  include  any  DNA  originating  from  a  source  other  than  the  host 

or  recipient  cell.  Examples  of  valuable  such  DNA  which  may  be  used  in  the  electrotransformation  process  of 
this  invention  could  thus  include  DNA  encoding  zein,  the  storage  protein  of  corn,  or  tissue  specific  promoters 
such  as  those  from  maize  genes,  which  may  be  used  in  chimeric  constructions.  An  example  of  such  a  promoter 

40  could  be  the  alcohol  dehydrogenase  (ADH)  promoter  which  is  inducible  in  roots. 
A  preferred  class  of  DNA  for  use  in  this  invention  can  be  classified  as  foreign  DNA.  The  term  foreign  DNA 

as  used  herein  refers  to  any  DNA  originating  from  a  source  other  than  the  host  or  recipient  species.  Foreign 
DNA  includes  for  example,  non-host  plant  DNA,  synthetic  DNA  sequences,  seqences  produced  by  recombinant 
DNA  techniques,  bacterial,  fungal,  viral,  animal  DNA  sequences  and  the  like. 

45  Suitable  foreign  DNA  can  include  non-host  plant  promoters  such  as  T-DNA  promoters  from  Ti  and  Ri  plas- 
mids,  plant  virus  promoters  such  as  CaMV,  TMV,  BMV  etc,  and  the  like.  Valuable  foreign  DNA  can  also  include 
foreign  structural  sequences  from  the  genes  for,  eg  chloramphenicol  acetyl  transferase  (CAT),  neomycin  phos- 
photransferase  II  (npt-ll),  nopaline  synthase  (nos),  p-galactosidase  (P-gal),  the  glyphosate  resistance  gene 
(EPSP  which  is  the  enzyme  conferring  resistance  to  glyphosate-5-enolpyruvylshikimate-3-phosphate  syn- 

50  thase)  and  Bacillus  thuringiensis  type  genes  coding  fora  crystal  protein  insect  toxin.  See,  eg  Adang  etal,  Gene 
36  (1985)  289;  Wong  et  al,  Proc  9th  Int  Spore  Cong  (Hoch  &  Setlow  Eds,  1985).  Examples  of  Bacillus  thurin- 
giensis  type  genes  coding  fora  crystal  protein  insect  toxin  includethe  B.t.  varkurstaki  gene  coding  fora  protein 
toxin  toxic  to  lepidopterous  larvae,  particularly  Noctuidea,  more  particularly  Heliothis  zea  and  Heliothis  vires- 
cens  and  Spodoptera  species  such  as  Spodoptera  exigua  and  Spodoptera  frugiperda,  and  the  B.t.  var  tene- 

55  brionis  gene  coding  for  a  protein  toxin  toxic  to  Coleoptera  pests,  particularly  Chrysomelidae,  more  particularly 
Diabrotica  species  such  as  D  longicornis,  D  undecimpunctata  and  D  virgifera  and  Leptinotarsa  species  such 
as  Ldecemlineata.  The  aforementioned  Heliothis,  Spodoptera,  and  Diabrotica  species  are  pests  infecting  crops 
such  as  corn.  Foreign  DNA  also  includes  synthetic  genes,  such  as  synthetic  DNA  sequences  based  upon  native 
host  plant  genes,  eg  a  zein  gene  altered  so  as  to  change  the  amino  acid  composition  of  the  maize  storage 
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protein.  The  foreign  DNA  of  the  present  invention  preferably  comprises  chimeric  constructions  such  as  hetero- 
logous  promoter/structural  sequence  combinations.  Examples  of  such  heterologous  constructions  include  the 
Bt  toxin  gene  underthe  control  of  the  ADH  promoter,  and  selectable  markers  such  as  the  CAT  or  npt-ll  structural 

5  sequence  under  the  control  of  a  T-DNA  promoter  or  a  CaMV  promoter.  Such  combinations  may  be  constructed 
according  to  standard  recombinant  techniques  such  as  those  illustrated  in  Maniatis  et  al,  Molecular  Cloning: 
A  Laboratory  Manual  (1982)  and  DNA  Cloning  Vol  I  &  II  (D  Glober,  Ed  1985).  Other  DNA  sequences  or  com- 
binations  of  such  which  may  be  used  in  the  present  invention  will  be  readily  apparent  to  one  of  ordinary  skill 
in  the  art. 

10  In  a  preferred  embodiment,  the  plant  material  is  transformed  by  a  selectable  marker  gene  so  that  identi- 
fication  of  successfully  transformed  tissues  is  facilitated.  Examples  of  such  marker  genes  are,  for  example, 
genes  coding  for  resistance  to  antibiotics  (such  as  kanamycin,  hygromycin,  neomycin  and  chloramphenicol), 
genes  for  herbicide  resistance  and  genes  for  colour  (eg  the  anthocyanin  gene).  The  presence  of  a  gene  coding 
for  an  antibiotic  will,  for  example,  enable  transformed  plant  cells  to  survive  and  grow  in  a  medium  containing 

15  the  selective  antibiotic. 
In  another  preferred  embodiment,  the  plant  material  is  transformed  by  genes  coding  for  traits  which  have 

high  commercial  or  agricultural  value,  such  as  resistance  to  insects,  resistance  to  herbicides,  resistance  to  vi- 
ruses,  resistance  to  fungi,  or  for  enzymes  which  will  interfere  in  particular  biochemical  pathways,  such  as  those 
leading  to  the  synthesis  of  essential  amino  acids. 

20  In  a  particularly  preferred  embodiment,  the  plant  material  is  transformed  by  DNA  which  contains  a  select- 
able  marker  gene  and  one  or  more  DNA  sequences  encoding  other  desired  traits.  The  use  of  a  marker  gene 
means  that  successfully  transformed  material  may  easily  be  differentiated  from  un-transformed  material  thus 
facilitating  the  later  screening  of  the  material  forthat  which  has  incorporated  into  its  genome  the  co-transferred 
gene,  or  genes,  which  may  themselves  not  be  easily  selectable. 

25  The  plant  material  transformed  according  to  the  method  of  the  invention  may  be  grown  and  regenerated 
into  fertile  plants. 

Genetically  transformed  healthy  fertile  monocotyledonous  plants  are  novel.  The  invention  accordingly  pro- 
vides  monocotyledonous  plant  material  comprising  in  its  genome  DNA  originating  from  a  source  other  than 
the  host  or  recipient  species  and  capable  of  regenerating  into  healthy,  fertile  plants. 

30  The  term  healthy  as  used  herein  is  intended  to  distinguish  the  plants  of  the  invention  from  plants  which 
are  naturally  infected  by  viruses  and  the  like. 

The  invention  further  provides  healthy,  fertile  monocotyledonous  plants  comprising  in  their  genome  DNA 
originating  from  a  source  other  than  the  host  or  recipient  species  and  parts  thereof,  in  particular  seeds  of  such 
plants. 

35  Preferred  monocotyledonous  plant  material  or  plants  according  to  the  invention  are  crops  of  the  Grami- 
neae  family,  particularly  cereals  including  rice,  wheat,  the  millets,  barley,  sorghum,  rye,  oats,  triticale  and  corn, 
more  particularly  cereals  selected  from  wheat,  the  millets,  barley,  sorghum,  rye,  oats,  triticale  and  corn  and 
most  particularly  corn. 

It  should  however  be  appreciated  that  the  method  of  the  invention  is  also  a  convenient  alternative  method 
40  for  transformation  of  dicotyledonous  plants  including  Brassica  oleracea  species,  tomatoes,  sunflower,  carrots, 

cucurbits,  potatoes,  soybean,  cotton  and  the  like. 
The  following  examples  illustrate  the  invention  but  are  not  intended  to  limit  its  scope. 
Temperatures  are  given  in  degrees  centigrade  (°C)  and  percentages  (%)  are  by  weight.  The  electrotrans- 

formation  is  essentially  effected  at  room  temperature,  whereby,  however,  the  temperature  of  the  electrophor- 
45  esis  system  may  increase  under  the  influence  of  the  electrical  tension. 

50 

55 
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TABLE  A 

CM(30)  medium  (liquid  or  solid) 

MS  major  salts 

NH4NO3  1.65  g/l 

KNO3  1.90  g/l 

CaCI2.2H20  0.44  g/l 

MgS04.7H20  0.37  g/l 

KH2P04  0.17  g/l 

MS  minor  salts 

H3BO3  6.20  mg/l 

MnS04.H20  16.80  mg/l 

ZnS04.7H20  10.60  mg/l 

Kl  0.83  mg/l 

Na2Mo04.2H20  0.25  mg/l 

CuS04.5H20  0.025  mg/l 

CoCI2.6H20  0.025  mg/l 

Vitamins 

Thiamine  HCI  0.25  mg/l 

L-asparagine  13.2  mg/l 

Glycine  7.7  mg/l 

Carbon  source 

Sucrose  20  g/l 

Agar  (for  solid)  8  g/l 

Distilled  water  to  1  litre 

45 

50 
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15 

20 

35 

40 

TABLE  B 

BSS  MEDIUM 

10  4X  Difco  sal ts   mixture1  500  ml/1 
n icot in ic   acid  0.5  mg/l 
pyridoxine  HCI  0.5  mg/l 
thiamine  HCI  1.0  mg/l 

15 inos i to l   100  mg/l 

naphthalene  acetic  acid  0.2  mg/l 
benzyl  adenine  phosphate  1.0  mg/l 
sucrose  30  g / l  

20 
agar  (for  solid)  16  g/l  ; 
d i s t i l l e d   water  to  1  l i t r e  

pH  adjusted  to  5.8 

25 

TMM  MEDIUM 

30  4X  Difco  sal ts   mixture1  250  ml 
n icot in ic   acid  (0.5mg/ml)  1  ml 
pyridoxine  HCI  (0.5mg/ml)  1  ml 
thiamine  HCI  (0.5mg/ml)  2  ml 

35 inos i to l   (lOOmg/ml)  1  ml 
IAA  (O.lmg/ml)  5  ml 

sucrose  20  g 

40  agar  (for  solid)  8  g 
d i s t i l l e d   water  to  490ml 

pH  adjusted  to  6.0 

45  1  Difco  sal ts   mixture  is  a  commercially  avai lable  mixture  of  the 

Murashige  and  Skoogs  ("MS")  major  and  minor  sal ts   and  4X  relates   to  the 

strength  of  the  stock  s o l u t i o n .  

50 

EXAMPLE  1 

Into  each  of  eight  wells  in  a  0.7%  agarose  gel  is  placed  one  stage  3  excised  corn  (P3780)  embryo  (refrig- 
55  erator-synchronised  for  7  days).  In  each  of  eight  additional  wells,  running  parallel  to  and  1  mm  from  the  first 

eight  wells,  is  placed  15  uJ  (10(j.g)  of  plasmid  DNA  (H83E  or  H83R),  2  uJ  of  bromophenol  blue  dye  and  2%  of 
DMSO,  the  balance  being  distilled  water.  The  embryo  is  positioned  in  the  well  such  that  the  side  of  the  embryo 
containing  the  meristematic  tissue  is  towards  the  wells  containing  the  transformation  solution.  The  plasmids 
H83E  and  H83R  each  contain  the  pUC  8  plasmid  with  a  cauliflower  mosaic  virus  (CaMV)  35S  promoter  [nu- 
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cleotides  7013  to  7436,  see  Hohn  et  al,  Curr  Top  Microbiol  Immunol  96  (1982)  193]  a  hygromycin  phospho- 
transferase  (HPT)  coding  sequence  [the  Bam  H1  fragment  from  pLG83,  see  Gritzand  Davies,  Gene  25  (1983) 
1791  and  a  nopaline  synthase  (NOS)  terminator  [nucleotides  682  to  437,  see  Bevan  et  al,  Nucleic  Acids  Res 

5  11(1983)  3691.  The  HPT  sequence  is  in  the  sense  orientation  relative  to  the  promoter  and  terminator  sequenc- 
es  in  plasmid  H83E  and  in  the  antisense  orientation  in  plasmid  H83R. 

Each  gel  is  placed  in  a  horizontal  gel  electrophoresis  system  (BRL  H6)  with  450  ml  of  sterile  tris-acetate- 
EDTA  running  buffer  (pH  8.0).  Gels  are  exposed  to  an  electric  current  of  52V,  running  in  the  direction  from  the 
DNA  to  the  embryos,  for  a  period  of  either  10,  12.5  or  15  minutes.  After  exposure,  the  embryos  are  rinsed 

10  with  sterile  CM(30)  and  placed  on  solid  CM(30)  medium  for  3  days.  The  embryos  are  then  transferred  to  CM(30) 
medium  containing  100  ng/ml  of  hygromycin.  The  embryos  are  scored  at  11  and  14  days  after  electrotransfor- 
mation  treatment,  with  the  following  results: 

At  11  days  all  embryos  had  germinated  (had  developed  roots  and  shoots).  At  11  and  14  days  the  germlings 
under  Table  C  were  green,  indicating  acquired  resistance  to  hygromycin  by  incorporation  of  the  pLG83  gene. 

15  Control  (a)  corresponds  to  tissues  electrotransformed  as  in  the  tests,  but  thereafter  grown  in  the  absence  of 
hygromycin;  control  (b)  corresponds  to  tissues  exposed  to  the  electric  current  but  in  the  absence  of  transfor- 
mation  solution  and  thereafter  grown  in  the  presence  of  hygromycin.  Non-transformed  hygromycin  selected 
controls  turn  chalk  white  and  cease  to  grow. 

TABLE  C 

Control  H83E  H83R 

Day  (a)  (b)  10  12.5  15min  10  12.5  15min 

11  8 0 4 4   4  6 3   3 

14  8 0 4 4   2  6 3   3 

30  EXAMPLE  2 

At  14  days  after  treatment  with  the  plasmid  DNA,  the  green  germlings  (seedlings)  from  each  test  group 
in  Example  1  are  collected  and  ground  up,  and  the  nucleic  acid  is  extracted  following  the  cetyltrimethylammo- 
nium  bromide  (CTAB)  procedures  described  by  Rogers  et  al  Plant  Mol  Biol  5:  (1985)  69. 

35  The  harvested  germling  tissue  for  each  group  is  ground  to  a  fine  powder  in  liquid  nitrogen  or  dry  ice  and 
placed  in  a  test  tube.  The  mixture  is  warmed  slowly  to  65°  and  a  solution  of  CTAB  [2%  CTAB  (w/v),  100  mM 
Tris  (pH  8.0),  20  mM  EDTA  (pH  8.0),  1.4  M  NaCI  and  1%  PVP  (polyvinylpyrrolidone)]  at  1  ul/mg  is  added,  fol- 
lowed  by  heating  at  65°  for  3  mins.  An  equal  volume  of  sevag  (CHCI3:isoamylalcohol  at  24:1)  is  added  and 
mixed.  The  mixture  is  centrifuged  at  1  1  kx  for  30  sec  and  the  top  phase  is  transferred  to  a  new  tube,  and  CTAB 

40  (10%  w/v)  and  0.7  M  NaCI  are  added.  Centrifugation  is  repeated,  and  the  top  phase  is  again  separated  and 
diluted  with  CTAB  and  NaCI.  One  volume  of  CTAB  precipitation  buffer  [1%  CTAB,  50  mM  tris  (pH  8.0)  and  10 
mM  EDTA  (pH  8.0)  and  1  M  NaCI]  and  is  heated  to  65°  for  10  mins.  After  complete  rehydration,  the  nucleic 
acids  are  reprecipitated  with  2  volumes  of  ethanol  and  then  pelleted  by  centrifugation  for  13  -  15  mins  in  a  cold 
room.  Minigels  were  run  on  all  samples  and  showed  the  presence  of  DNA. 

45  For  dot  blot  analysis,  the  extracted  DNA  is  heated  to  1  00°,  20  X  SSPE  (3.6M  NaCI,  200mM  NaH2P04,  pH 
7.4,  20mM  EDTA,  pH  7.4)  is  added  and  the  solution  is  cooled  and  transferred  to  a  nitrocellulose  membrane. 
It  is  hybridised  with  nick-translated  DNA  (BRL  kit  lot  #5210,  and  H83E).  See,  Rigby  etal  J  Mol  Biol  113  (1977) 
237.  The  nitrocellulose  is  rinsed  in  2  X  SSPE  and  0.1%  SDS  and  then  heated  at  50°  for  1  hour,  followed  by 
agitation  in  1X  SSPE  and  0.1  %SDS  at  room  temperature  for  1  hour,  and  then  exposed  to  x-ray  film.  See,  Man- 

so  iatis  etal  Molecular  Cloning:  A  Laboratory  Manual  (1983).  The  results  indicate  strong  hybridisation,  and  there- 
fore  transformation,  occurred  in  10%  of  the  dot  blot  treated  samples. 

EXAMPLE  3 

55  Tassel  initials  (1.0  -  1.5  cm  long)  of  maize  (cvx.  Oh  43  and  Se60)  are  dissected  aseptically,  as  described 
by  Pareddy  and  Greyson.  Plant  Cell  Tissue  Organ  Cult  5:  (1  985)  119,  and  kept  on  MTM  medium  until  electro- 
transformation  treatment.  Following  the  procedure  of  Example  1,  the  tassels  and  transforming  solution  com- 
prising  either  a)  8  ul  (10  ng)  of  H83E  plasmid,  2%  of  DMSO  and  29  ul  of  distilled  water,  or  b)  15  ul  (10  ng)  of 
H83R  plasmid,  2%  of  DMSO  and  22  ul  of  distilled  water  are  placed  in  a  0.7%  agarose  gel  in  an  electrophoresis 
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system  apparatus  and  exposed  to  an  electric  current  of  52V  for  13  mins.  Following  exposure,  the  tassels  are 
removed  to  sterile  CM(30)  medium  with  50  ng/ml  of  gentamycin  added  and  are  rinsed  gently  for  a  short  period. 
The  gentamycin  acts  as  an  anti-bacterial.  They  are  then  placed  in  sterile  flasks  containing  50  ml  of  MTM  media 

5  and  the  flasks  are  placed  on  a  window  sill.  Two  days  after  treatment,  5  ng/ml  of  hygromycin  is  added  to  each 
flask. 

Six  days  after  addition  of  the  hygromycin,  1  out  of  3  H83R-treated  tassels  had  died  (had  stopped  growing 
and  bleached  white).  Ten  days  after  the  addition,  2  out  of  15  H83E-treated  tassels  had  died.  Thirteen  days 
post-addition,  2  more  H83E-treated  tassels  had  died.  The  remaining  tassels  continued  to  grow  and  stay  green 

10  through  25  days  after  addition  of  the  hygromycin.  Further,  one  of  the  tassels  treated  with  H83E  produced  pol- 
len. 

EXAMPLE  4 

15  Following  the  procedures  of  Example  1  ,  stem  strips  (approx  1x3x4mm)  taken  from  between  the  upper  two 
nodes  of  the  shoot  in  the  bud  of  Brassica  oleracea  [cv  italica,  CrGC-9  (Crucifer  Genetics  Co-operative-9)]  are 
placed  in  a  0.7%  agarose  gel  in  an  electrophoresis  system  apparatus  along  with  transformation  solution  com- 
prising  15uJ  (10(j.g)  of  pZ025  plasmid  DNA,  2uJ  of  bromophenol  blue  dye  and  2%  of  DMSO,  and  exposed  to 
an  electric  current  of  52V  for  about  1  5  minutes. 

20  Following  exposure,  the  stem  strips  are  removed  to  sterile  BSS  medium  for  a  short  time,  then  to  selection 
medium  containing  20u<j/ml  of  hygromycin  for  1  week  and  finally  to  medium  containing  5  ng/ml  of  hygro-mycin 
for  1  week.  Twenty  four  stem  strips  produced  callus  when  transferred  to  BSS  medium  without  hygromycin.  After 
2  months  they  generated  shoots  and  were  transferred  to  soil  in  a  mist  chamber  to  generate  roots. 

Leaves  from  two  hygromycin-selected  Brassica  were  cut  into  pieces  and  subjected  to  secondary  selection 
25  on  BSS  medium  containing  25u<j/ml  hygromycin.  These  pieces  remained  green  and  formed  shoots.  When  they 

were  transferred  to  BSS  with  half  strength  salts  and  no  hygromycin  they  also  rooted.  Leaves  of  the  same  two 
primary  transformants  were  also  analysed  for  the  presence  of  the  hygromycin  gene.  Each  leaf  (approx  0.2g) 
was  frozen  in  liquid  nitrogen  and  ground  to  a  powder  in  a  mortar.  To  this,  15ml  ice  cold  sucrose  buffer  (con- 
taining  15%  sucrose,  50mM  Tris  pH  8.0,  and  50mM  EDTA)  and  0.25M  NaCI  was  added  to  the  tissue  in  the 

30  mortar  and  grinding  continued.  The  slurry  was  poured  into  a  5ml  Wheaton  ground  glass  homogeniser  and 
ground  by  hand  for  5-10  passes.  The  slurry  was  then  transferred  to  a  1  .5ml  Eppendorf  tube  and  centrifuged 
for  3  mins  at  6500  rpm.  The  crude  nuclear  pellet  was  then  resuspended  in  0.5ml  ice  cold  sucrose  buffer  (as 
above  but  without  NaCI).  uJ  diethylprocarbonate  was  added  and  the  suspension  was  vortexed  at  room  tem- 
perature.  Next,  5uJ  of  20%  SDS  was  added  and  vortexed,  then  heated  at  70°Cfor  10  minutes.  50uJ  of  5M  po- 

35  tassium  acetate  were  added  and  the  solution  vortexed.  The  tube  was  then  cooled  on  ice  for  30  minutes. 
The  potassium-SDS  fraction  was  precipitated  and  centrifuged  for  15  minutes  at  4°C.  The  supernatant  was 

transferred  to  a  clean  1.5ml  tube  and  repeatedly  extracted  with  phenol  :chloroform  until  the  colour  disappeared 
and  the  interface  was  clean.  An  ethanol  precipitation  was  performed  and  the  solution  centrifuged  for  5  mins 
at  RT  to  recover  DNA. 

40  Transformants  were  analysed  for  the  presence  of  the  introduced  hygromycin  gene.  The  total  DNA  was 
quantitated  and  cut  using  the  restriction  enzyme  TAQ  1.  The  DNA  fragments  were  separated  using  horizontal 
gel  electrophoresis  (0.7%  agarose)  at  70V  for  about  3  hours  and  transferred  to  a  Biorad  Zeta  Probe  membrane 
using  the  alkaline  blotting  procedure  for  DNA  capillary  transfer  as  specified  in  the  Biorad  Zeta  Probe  Blotting 
Membranes  Instruction  Manual.  After  pre-  hybridisation,  hybridisation  and  washing,  performed  also  according 

45  to  the  above  mentioned  manual,  the  blotted  membranes  were  ready  for  autoradiography. 
An  isolated  1Kb  fragment  of  the  hygromycin  gene  was  labeled  with  32P  CTP  according  to  the  low  melt  agar- 

ose  procedure  given  in  the  Amersham  Multiprime  DNA  Labeling  Systems  Manual  Pages  1  to  28.  Diagnostic 
1.4  and  0.7Kb  fragments  were  present  in  transformed  DNAs  and  absent  from  control  DNA. 

Plasmid  pZ025  is  the  same  as  H83E  (from  Example  1)  except  that  the  HPT  coding  sequence  consists  of 
so  the  nucleotides  197  to  1251,  modified  by  replacement  of  a  guanine  at  position  206  by  an  adenine. 

EXAMPLE  5 

Following  the  procedures  of  Example  1  ,  stage  3  excised  corn  embryos  and  the  transforming  solution  com- 
55  prising  15  ul  (10  ug)  of  pZ033  plasmid  DNA,  2%  of  DMSO  and  22  ul  of  distilled  water  are  placed  in  a  0.7% 

agarose  gel  in  an  electrophoresis  system  apparatus  and  exposed  to  an  electric  current  of  52V  for  1  3  minutes. 
Following  exposure,  the  embryos  are  rinsed  with  sterile  liquid  CM(30)  medium  and  placed  on  solid  CM(30) 

medium.  No  attempt  was  made  to  select  for  the  plasmid  DNA.  The  resulting  seedlings  are  raised  in  the  normal 
manner  to  adult  corn  plants,  which  are  then  cross  pollinated  to  give  plants.  Seeds  from  the  cobs  of  the 
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plants  are  germinated  and  grown  for  one  week  in  order  to  conduct  CAT  assays  to  establish  those  cobs  con- 
taining  transformants.  Additional  seeds  from  the  resulting  potentially  positive  cobs  are  planted  and  the  roots 
from  the  resulting  plants  are  harvested  and  tested  in  the  CAT  assay.  Of  the  first  eight  potentially  transformed 

5  cobs,  two  showed  transformation. 
Leaves  of  CAT  positive  F̂   transformants  were  analysed  for  the  presence  of  the  introduced  CAT  gene  se- 

quences.  Procedures  for  extracting,  cutting,  separating,  blotting  and  probing  the  DNA  are  consistant  with  those 
given  in  Example  4.  A  diagnostic  1  .2Kb  fragment  is  released  whenever  the  pZ033  (35S-CAT-NOS)  plasmid  or 
genomic  DNA  transformed  with  the  plasmid  is  cut  with  the  restriction  enzymes  Hind  III  and  Eco  Rl  and  probed 

10  with  the  CAT  gene.  In  this  progeny  family,  the  1.2Kb  fragment  is  always  associated  with  a  1.4Kb  fragment. 
The  DNA  extracted  from  the  tassel  used  to  produce  this  F̂   family  and  from  all  positive  individuals  contained 
the  1  .2Kb  and  the  1  .4Kb  fragments.  In  contrast,  all  controls  (nuclear  DNA  from  3780,  total  DNA  from  3780  and 
Fi  hybrid  3780)  lack  these  fragments. 

Plasmid  pZ033  contains  a  CaMV  35S  promoter  (nucleotides  7069  to  7569)  in  the  Sad  site  of  pUC1  9  (com- 
15  mercially  available  from  Pharmacia  and  from  US  Biochemical),  the  773  bp  chloramphenicol  acetyl  transferase 

(CAT)  gene  from  Tu9  [see,  Alton  and  Vapnek,  Nature  282  (1979)  864]  whose  Tagl  ends  are  changed  to  Pstl, 
in  the  Pst  site,  and  a  NOS  terminator  (nucleotides  682  to  437)  between  the  Pstl  and  the  Hind  III  sites. 

The  CAT  assay  is  as  follows: 

20  CAT  ASSAY 

1  Extraction  of  seedling  or  other  tissue 
A  Seedling  or  other  tissue  is  ground  in  150uJ  (or  multiple  thereof)  0.25M  Tris-HCI  pH  7.8. 
B  Sample  is  sonicated  (3  pulses  on  #2  setting)  on  ice. 

25  C  Sample  is  centrifuged  for  3  mins  at  12Kg,  and  the  supernatant  transferred  to  a  clean  tube. 
D  Sample  is  heated  to  65°  in  a  water  bath  for  12  mins,  then  cooled  to  RT. 
E  Sample  is  centrifuged  for  30  seconds,  the  supernatant  collected  and  used  for  the  CAT  assay. 

2  Set  up  one  tube  for  each  reaction.  Also  set  up  a  control  for  the  CAT  from  E  coli.  (13  x  100cm  tubes) 

30 

35 

40 

45 

Negative  P o t e n t i a l   P o s i t i v e  

Control   Transformant   CAT  c o n t r o l  

Superna tan t   lOOul  lOOul 

lOmM  Tris  pH  7.8  -  -  99u l  

CAT  (0.5  u n i t / u l )   -  -  l y l  
14C  chloramphen.  3ul  3ul  3u l  

H20  57yl  57ul  57y l  
* 

4mM  Acetyl  CoA  20ul  20yl  20ul  

50 

TOTAL  180ul  180ul  180ul  

*  incubate   for  5  mins  at  37°C  to  bring  the  r e a c t i o n   mixture  to  RT 

55  3  Incubate  samples  at  37°C  for  1-2  hours. 
4  Stop  reaction  with  2ml  cold  water-saturated  ethyl  acetate.  Add  Iml  H20  to  make  the  interface  more  visible. 
5  Cover  tube  with  paraf  ilm  and  vortex  on  #1  for  approximately  1  min. 
6  Spin  in  IEC  for  3-5  mins  on  #5. 
7  Transfer  top  layer  to  small  tubes  (13  x  75). 
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8  Dry  under  N2  in  hood  till  dry  (approx  45  mins  -  avoid  overdrying). 
9  While  samples  are  drying  prepare  the  TLC  tank  with  solvent,  100ml  orchloroform:methanol,  95:5.  Place 
a  wick  in  the  tank  for  all  sides. 

5  10  Prepare  a  20  x  20cm  silica  60  gel  TLC  plate.  Mark  a  line  in  pencil  1  .5  cm  from  the  bottom.  Mark  sample 
positions  with  intersecting  lines.  Separation  is  by  ascending  chromatography. 
11  After  the  samples  have  dried  down,  resuspend  them  in  30uJ  of  ethyl  acetate  (not  water  saturated). 
12  Spot  samples  in  very  small  area  with  a  10uJ  micropipette.  Have  a  hairdryer  blowing  over  the  plate  while 
spotting. 

10  13  Place  plate  in  the  tank  and  let  solvent  front  reach  approx  3mm  from  the  top  of  the  plate  (40-50  minutes). 
14  Let  the  plate  air  dry  for  15  or  20  minutes  in  the  hood,  then  place  in  a  cassette  with  a  piece  of  film  (pre- 
flashed)  at  RT  overnight. 
15  Develop  the  film  the  next  day. 

15  EXAMPLE  6 

Following  the  procedures  of  Example  1  ,  tomato  embryos  (Burpees  Super  Beefsteak  VFN)  were  placed  in 
the  wells  of  a  0.7%  agarose  gel  in  a  horizontal  electrophoresis  system  beside  the  wells  containing  a  transfor- 
mation  solution  consisting  of  10u<j  pZO  60  or  pZO  67  plasmid  DNA,  2%  DMSO  and  bromophenol  blue  tracking 

20  dye.  The  embryos  were  exposed  to  an  electric  current  of  52V  for  about  15  minutes. 
After  electrotransformation,  the  embryos  were  transferred  to  TMM  medium  for  2-3  days  recovery.  Then, 

they  were  placed  on  selective  tomato  medium  which  contained  25u<j/ml  hygromycin  for  10  days.  None  of  the 
untreated  control  seedlings  survived  this  selection.  Transformants  were  then  rescued  to  medium  containing 
0.5mg  lAAand  rooted  before  being  transplanted  into  soil. 

25  Leaves  of  these  primary  transformants  were  analysed  for  the  presence  of  introduced  DNA,  specifically 
the  hygromycin  gene.  Total  DNA  was  isolated  from  the  plant  tissue,  cut  with  the  restriction  enzyme  TAQ  1, 
separated,  blotted  and  hybridised  as  detailed  in  Example  4.  Diagnostic  hygromycin  fragments  (1.4,  0.7  and 
0.4kb)  were  present  in  the  transformed  DNAs  and  absent  from  the  control  DNA. 

The  plasmid  pZO  60  is  constructed  from  the  pUC  8  plasmid  with  the  35S  promoter,  HPT  coding  sequence, 
30  and  the  nos  terminator  of  pZ025  (see  example  4)  immediately  followed,  in  tandem,  by  a  second  copy  of  the 

35S  promoter,  the  CAT  coding  sequence  of  pZO  33  (see  Example  5)  and  a  second  copy  of  the  nos  terminator. 
The  plasmid  pZO  67  is  constructed  from  the  pUC  8  plasmid  with  the  35S  promoter  of  H83E  (see  example 

1),  the  B-glucuronidase  (GUS)  coding  region  on  a  Pst  1  fragment  from  RAJ-260  (Jefferson  et  al,  PNAS  83 
(1986)  8447)  and  the  nos  terminator  immediately  followed  (in  tandem)  by  the  35S  promoter,  HPT  sequence 

35  and  nos  terminator  of  pZO  25  (see  example  4). 

EXAMPLE  7 

Following  the  procedure  of  Example  1,  stage  3  corn  embryos  are  placed  in  the  wells  of  a  0.7%  agarose 
40  gel  in  a  horizontal  electrophoresis  system  beside  the  wells  containing  a  transformation  solution  comprising 

10ng  of  Bacillus  thuringiensis  var  kurstaki  (Btk)/HPT  plasmid  (pZO  85-BTK/HPT)  DNA,  2%  DMSO  and  bro- 
mophenol  blue  tracking  dye.  The  embryos  are  exposed  to  a  continuous  electric  current  of  52V  for  about  15 
minutes,  afterwhich  they  are  transferred  to  CM(30)  medium  and  selected  for  acquired  hygromycin  resistance. 
Those  germlings  showing  hygromycin  resistance  are  raised  to  larger  seedlings  and  tested  by  standard  bioas- 

45  say  procedures  for  pest  resistance  to  Heliothis  species  such  as  Heliothis  virescens  and  Spodoptera  species. 
The  transformed  seedlings  show  reduced  susceptibility  to  Heliothis  and  Spodoptera  species  compared  with 
untreated  standards. 

The  plasmid  pZO  85  is  constructed  as  follows.  The  Sall-EcoRI  fragment  containing  the  B-glucuronidase 
(GUS)  coding  sequence  from  pRAJ  275  (commercially  available  from  Clontech  Laboratories)  was  modified  to 

so  change  the  EcoRI  site  at  the  3'  end  to  a  Pstl  site.  Afeature  of  this  GUS  gene  is  that  an  Ncol  site  straddles  the 
initiator  codon  (ATG)  of  the  coding  sequence.  pZO  85  consists  of  the  35S  promoter  and  nos  sequences  as 
found  in  pZO  33  (see  Example  5)  and  the  Sal-Pst  fragment  described  above  (in  place  of  the  CAT  gene). 

pZO  85-BTK-HPT  is  prepared  by  substituting  the  Nco-Pst  fragment  of  pAMVBTS  containing  a  modified 
Btksequence  [Barton  etal,  Plant  Physiol  85  (1987)  1103]  forthe  Ncol-Pstl  fragment  of  pZO  85.  This  sequence 

55  is  immediately  followed  (in  tandem)  by  the  35S  promoter  and  nos  terminator  of  pZO  33  (see  Example  5)  with 
the  HPT  sequence  of  pZO  25  (see  Example  4). 
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EXAMPLE  8 

Following  the  procedure  of  Example  1,  stage  3  corn  embryos  are  placed  in  the  wells  of  a  0.7%  agarose 
gel  in  a  horizontal  electrophoresis  system  beside  the  wells  containing  a  transformation  solution  comprising 
10ng  of  Btt/HPT  plasmid  DNA(pZO  85-Btt-HPT),  2%  DMSO  and  bromophenol  blue  tracking  dye.  The  embryos 
are  exposed  to  a  continuous  electric  current  of  52V  for  about  15  minutes,  after  which  they  are  transferred  to 
CM(30)  medium  and  selected  for  acquired  hygromycin  resistance.  Those  germlings  showing  resistance  are 
raised  to  larger  seedlings  and  tested  by  standard  bioassay  procedures  for  resistance  to  the  corn  root  worm 
(Diabrotica  spp).  Bacillus  thuringiensis  var  tenebrionis  (Btt)  produces  an  insecticidal  toxin  active  against  the 
corn  root  worm  and  other  coleopteran  insects. 

pZO  85-Btt-HPT  is  prepared  by  substituting  a  modified  Nco-Pst  fragment  of  Btt  coding  sequence  [Sekar 
et  al,  PNAS  84  (1987)  7036]  which  has  been  modified  at  the  ATG  start  codon  to  contain  an  Ncol  site  and  at 
the  3'  terminus  of  the  coding  region  to  produce  a  Pstl  site,  forthe  Ncol-Pstl  fragment  of  pZO  85  (see  Example 
7).  This  sequence  is  immediately  followed  (in  tandem)  by  the  35S  promoter  and  nos  terminator  of  pZO  33  (see 
Example  5)  with  the  HPT  sequence  of  pZO  25  (see  Example  4). 

Claims 

1.  Transformed  fertile  plants  whenever  obtained  by  a  method  comprising  contacting  plant  cell  material  with 
a  transformation  solution  comprising  DNAand  a  membrane-permeating  agent  in  the  presence  of  an  elec- 
tric  current  for  a  time  sufficient  to  effect  transportation  of  the  DNA  into  the  plant  material  and  transfor- 
mation. 

2.  Monocotyledonous  plant  cell  material  comprising  in  the  plant  genome  DNA  originating  from  a  source  other 
than  the  host  or  recipient  species  and  capable  of  growing  or  regenerating  into  healthy,  fertile  plants. 

3.  Plant  cell  material  according  to  Claim  2  which  is  corn. 

4.  Healthy  fertile  monocotyledonous  plants,  comprising  in  their  plant  genome  DNA  originating  from  a  source 
other  than  the  host  or  recipient  species. 

5.  Healthy  fertile  monocotyledonous  plants  comprising  in  their  plant  genome  DNA  originating  from  a  source 
other  than  the  host  or  recipient  cells. 

6.  A  plant  according  to  Claim  4  or  Claim  5  which  is  corn. 

7.  Corn  according  to  Claim  6  having  reduced  susceptibility  to  pests  or  herbicides. 

8.  Corn  according  to  Claim  7  having  reduced  susceptibility  to  pests. 

9.  Corn  according  to  Claim  8  having  reduced  susceptibility  to  insects. 

10.  Corn  according  to  Claim  9  having  reduced  susceptibility  to  Lepidopterous  pests. 

11.  Corn  according  to  Claim  9  having  reduced  susceptibility  to  Coleoptera  pests. 

12.  Seeds  of  a  plant  according  to  Claims  3  to  11  . 
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